ABSTRACT Infestations of two stem borers, Eoreuma loftini (Dyar) and Diatraea saccharalis (F.) (Lepidoptera: Crambidae), were compared in noncrop grasses adjacent to rice (Oryza sativa L.) Þelds. Three farms in the Texas rice Gulf Coast production area were surveyed every 6 Ð 8 wk between 2007 and 2009 using quadrat sampling along transects. Although D. saccharalis densities were relatively low, E. loftini average densities ranged from 0.3 to 5.7 immatures per m 2 throughout the 2-yr period. Early annual grasses including ryegrass, Lolium spp., and brome, Bromus spp., were infested during the spring, whereas the perennial johnsongrass, Sorghum halepense (L.) Pers., and VaseyÕs grass, Paspalum urvillei Steud., were infested throughout the year. Johnsongrass was the most prevalent host (41Ð78% relative abundance), but VaseyÕs grass (13Ð 40% relative abundance) harbored as much as 62% of the recovered E. loftini immatures (during the winter). Young rice in newly planted Þelds did not host stem borers before June. April sampling in fallow rice Þelds showed that any available live grass material, volunteer rice or weed, can serve as a host during the spring. Our study suggests that noncrop grasses are year-round sources of E. loftini in Texas rice agroecosystems and may increase pest populations.
Eoreuma loftini (Dyar) and Diatraea saccharalis (F.) (Lepidoptera: Crambidae) are stem boring pests of sugarcane (hybrids of Saccharum spp.), rice (Oryza sativa L.), corn (Zea mays L.), and sorghum [Sorghum bicolor (L.) Moench] crops in the Gulf Coast region (Long and Hensley 1972, Johnson 1984) . Although D. saccharalis has been established in the southeastern United States since the 1850s (Stubbs and Morgan 1902) , E. loftini has expanded its range in a northeasterly direction since its Þrst detection in south Texas in 1980 (Reay-Jones et al. 2007 ). E. loftini was reported in 2008 for the Þrst time in Louisiana (Hummel et al. 2010) , where annual economic losses in sugarcane and rice may become as severe as $250 million within the next decades (Reay-Jones et al. 2008) .
In addition to crop hosts, Van Zwaluwenburg (1926) observed that E. loftini "attacks practically all the grasses large enough to afford it shelter within the stalk." E. loftini has been collected from numerous grasses (Poaceae), Canna spp. (Cannaceae), and bulrush (Cyperaceae: Scirpus validus Vahl) (Osborn and Phillips 1946 , Johnson 1984 , Showler et al. 2011 . D. saccharalis larvae also feed on a range of noncrop grasses comparable to that reported for E. loftini (Jones and Bradley 1924 , Holloway et al. 1928 , Box 1956 , Bessin and Reagan 1990 . Beuzelin et al. (2010) , by using potted sentinel plants grown under natural infestations, conÞrmed that a number of Gulf Coast region noncrop grasses were hosts for both E. loftini and D. saccharalis. Amazon sprangletop [Leptochloa panicoides (Presl) Hitch], a common weed in rice Þelds, was a highly suitable host, harboring the highest stem borer infestations with Ͼ75% of the plants infested with at least one larva. Johnsongrass [Sorghum halepense (L.) Pers.] and VaseyÕs grass (Paspalum urvillei Steud.) , two ubiquitous perennial grasses, also supported complete larval development of both species. In contrast, broadleaf signalgrass [Urochloa platyphylla (Munro ex C. Wright) R.D. Webster], a common weed near rice Þelds, proved to be a poor stem borer host , Showler et al. 2011 .
In agroecosystems, the effects of vegetation diversity on arthropod population dynamics are complex and variable (Andow 1991, Norris and Kogan 2005) .
Nearby plants may increase habitat availability for predators and offer additional shelter and food for their prey, thus increasing natural enemy density and subsequently decreasing insect pest populations (Letourneau 1987 , Russell 1989 . Conversely, nearby plants may increase plant host availability and release additional host-Þnding stimuli for insect pests, thus enhancing pest populations (Karban 1997 , Tindall et al. 2004 . Previous studies have suggested that noncrop hosts could play a key role in E. loftini and D. saccharalis population dynamics in Gulf Coast agroecosystems , Showler et al. 2011 . However, the quantiÞcation of noncrop host presence and use has been limited, especially when crop hosts are absent or too young to sustain stem borer development. In this study, surveys were conducted to quantify the seasonal abundance of E. loftini, D. saccharalis, and their noncrop hosts in Þeld margins and surrounding habitats of Texas rice agroecosystems.
Materials and Methods
Transect Sampling in Noncrop Habitats. Three farms were surveyed in the Texas Gulf Coast rice production area (Jefferson County, 30.059Њ N, 94.279Њ W; Chambers County, 29.855Њ N, 94.544Њ W; and Jackson County, 29 .027Њ N, 96.439Њ W). These farms were sampled every 6 Ð 8 wk for 2 yr (April 2007 -February 2008 , April 2008 -February 2009 . For each year, two transects were located along noncultivated Þeld margins, roadsides, or ditches on each farm. Transects averaged 564 Ϯ 63 (SE) m in length and were within 250 Ð500 m of the closest rice Þelds. The minimum and maximum distances between two transects on a farm in a year averaged 302 Ϯ 142 (SE) and 1026 Ϯ 210 (SE) m, respectively. The average distance between the centers of two transects was 678 Ϯ 169 (SE) m. On each sampling date ( Fig. 1) , three representative locations per transect were sampled, with three 1-m 2 quadrats randomly selected within 10 m of the center of each location. If sections of transects were mowed by rice producers during the growing season (MarchÐ August), they were excluded from sampling for at least two consecutive sampling dates. If sections were mowed during the postseason or winter, when plant growth is the slowest, they were permanently excluded from sampling.
For each quadrat, all grass-like plants, hereafter referred to as graminoids, were cut at the soil surface level and placed in 50-liter plastic bags. Bags were stored at the Texas A&M AgriLife Research and Extension Center at Beaumont, TX, in a cold room at 13Ð15ЊC and processed within 1 wk. Noncrop graminoids present in each quadrat were identiÞed to genus or species, and their relative abundance was visually estimated per volume of sampled plant material. The number of tillers for each graminoid was recorded, except during the Þrst two sampling dates in the Þrst year of the study. During the second year of the study (April 2008 -February 2009 , average tiller size (from base to farthest tip) was determined for each graminoid in each quadrat from all (if tillers Յ4) or four randomly selected tillers. Average tiller stem diameter (as measured Ϸ 1 cm below the Þrst apparent node, or Ϸ 3 cm above the cut if no node present) was also determined. For tillers with ßattened stems, the average between the major and minor stem diameters was recorded. During the second year of the study, plant phenology was determined visually as the proportion of plant material that was vegetatively growing, ßowering, mature, senescent, and dead.
All graminoids collected from the quadrats were visually examined for stem borer feeding injury. When a discoloration of the leaf sheath or a hole in the stem was observed, injured plants were dissected to recover E. loftini and D. saccharalis larvae and pupae, hereafter referred to as immatures. Immatures were sight-identiÞed using characters reported in Browning et al. (1989), Legaspi et al. (1997), and Solis (1999) . For the 0 Ð 6% and 0 Ð12% of E. loftini and D. saccharalis larvae, respectively, that were recovered in bags on each sampling date because they had crawled out of graminoid stems during sample transportation or storage, the original host plant was also determined. When a quadrat sample was comprised of a single graminoid, larvae recovered in the bag were attributed to that graminoid. When several graminoids were in a quadrat sample, larvae were attributed to a host plant based on observed injury. The size of larvae was visually determined, with small, medium-sized, and large larvae corresponding approximately to Þrst and second, third, and fourth and Þfth instars, respectively. Dependent on the number of immatures recovered on each sampling date, 10 Ð 60 randomly selected E. loftini and D. saccharalis immatures were reared on artiÞcial diet (Southland Product Inc., Lake Village, AR) until adult eclosion to conÞrm species identiÞcation (Klots 1970 , Legaspi et al. 1997 .
Transect Sampling in Rice Habitats. During the early April sampling date of each year of the study, one fallowed rice Þeld was selected and sampled on each farm to verify whether old rice stubble could host E. loftini and D. saccharalis. Fallowed rice Þelds were directly adjacent (Ͻ35 m) to one noncrop habitat transect for at least one-third of the length of that transect, or were within 50 m of the end of one noncrop habitat transect. In addition, one rice Þeld planted between March and May was selected and sampled each year on each farm in early April, late May, and late June to verify whether newly planted rice could host stem borers. Newly planted rice Þelds were directly adjacent (Ͻ35 m) to one noncrop habitat transect for at least one-third of the length of that transect. For each fallowed and newly planted rice Þeld, one transect was drawn and Þve (2007) were compared using univariate models with year, date, and year ϫ date as Þxed effects. Farm, farm ϫ year, transect(farm ϫ year), date ϫ transect(farm ϫ year), and location(date ϫ transect farm ϫ year) were random effects.
Relative abundance was recorded simultaneously for numerous graminoids from the same observation units (i.e., quadrat). Thus, before univariate analyses, multivariate analyses including the 12 most prevalent graminoids (Table 1) were conducted using Proc GLM (SAS Institute 2008) with a MANOVA statement. Multivariate and univariate analyses included the same Þxed and random effects as for stem borer density comparisons. Graminoid tiller densities were compared using the same method as for plant relative abundance analyses. Tiller size and stem diameter, which were recorded during the second year of the study, were each compared using univariate models with date as Þxed effect and farm, transect(farm), date ϫ transect(farm), and location(date ϫ transect farm) as random effects.
For each of the six graminoids consistently infested with stem borers (Table 2), percentages of recovered E. loftini as affected by year and date were compared. By transect and sampling date, the percentage of recovered E. loftini in a selected graminoid was computed as the sum of E. loftini collected from that selected plant multiplied by 100 and divided by the sum of E. loftini collected from all plants. When E. loftini were not collected from a transect on a sampling date, percentages of recovered E. loftini were not computed. In addition, when a graminoid was not recorded from a transect, the percentage of recovered E. loftini was considered zero. A multivariate analysis including the six graminoids consistently infested with stem borers was conducted before univariate analyses. Fixed effects for the multivariate model (Proc GLM with MANOVA statement, SAS Institute 2008) were year, date, and year ϫ date whereas random effects were farm, farm ϫ year, and transect(farm ϫ year). Each univariate model for each graminoid shared the same Þxed and random effects as the multivariate model. For each of the two most prevalent graminoids consistently infested with E. loftini, the percentage of recovered E. loftini per percent of plant relative abundance was determined. By transect and sampling date, it was computed as the percentage of recovered E. loftini in a selected graminoid divided by the average relative abundance for that selected plant. Only univariate analyses comparing percentages of recovered E. loftini per percent of plant relative abundance as affected by year and date were conducted (same model as for percentage of recovered E. loftini analysis).
The percentage of recovered D. saccharalis and recovered D. saccharalis per percent of plant relative abundance were computed using the same method as for E. loftini. Because D. saccharalis infestations were recovered almost exclusively from the two most prevalent graminoid species, only univariate analyses comparing year and date for these two plant species were conducted (same model as for percentage of recovered E. loftini analysis). E. loftini and D. saccharalis moth trap catches as affected by year and date were also compared using the same univariate models.
Results

E. loftini and D. saccharalis Infestations in Noncrop
Habitats. E. loftini larvae and pupae were recorded in noncrop habitats during each sampling date (Fig. 1A ). There was a numerical trend (F ϭ 8.78; df ϭ 1, 2.0; P ϭ 0.097) with 2.5-fold greater E. loftini densities in these ). Densities changed with date (F ϭ 2.52; df ϭ 6, 60.2; P ϭ 0.030), increasing from early spring to late fall (Fig. 1A) . Across both years, the lowest E. loftini densities were observed in April (1.23 Ϯ 0.83 immatures per m 2 ), whereas densities were greater in October (3.1-fold) and December (3.2-fold). As shown by the nonsigniÞcant year ϫ date interaction (F ϭ 1.42; df ϭ 6, 60.2, P ϭ 0.222), differences in E. loftini densities as affected by date did not change between the Þrst and the second year of the study. For D. saccharalis, differences in densities in noncrop habitats were not detected (F ϭ 1.51; df ϭ 1, 2.0; P ϭ 0.344) between the Þrst and second year (0.25 Ϯ 0.08 and 0.11 Ϯ 0.08 immatures per m 2 , respectively) of the study (Fig. 1B) . Although changes in D. saccharalis densities were not detected among dates (F ϭ 1.67; df ϭ 6, 66. Table 1 . The multivariate analysis shows that the relative abundance of at least one of these graminoids changed with date (WilksÕ Lambda ϭ 0.0618; F ϭ 2.02, df ϭ 72, 218.0; P Ͻ 0.001), but changes occurred to a different extent between the Þrst and second year of the study (WilksÕ Lambda ϭ 0.2189; F ϭ 1.53; df ϭ 48, 152.3; P ϭ 0.027 for the year ϫ date interaction). In addition, multivariate analysis comparing tiller density showed that differences across dates occurred (WilksÕ Lambda ϭ 0.0269; F ϭ 2.86; df ϭ 72, 218.0; P Ͻ 0.001) for at least one of the 12 graminoids. The year ϫ date interaction was not signiÞcant (WilksÕ Lambda ϭ 0.2921; F ϭ 1.19; df ϭ 48, 152.3; P ϭ 0.210). For both relative abundance and tiller density, the multivariate effect of year could not be tested because of an insufÞcient number of error degrees of freedom.
Johnsongrass was the most often encountered and abundant graminoid (Fig. 2) . However, johnsongrass relative abundance did not differ among dates despite trends (P Յ 0.1, Table 1 ) for a minimum in April (50.4 Ϯ 7.0% across both years). Trends (P Յ 0.1, Table  1 ) for a greater relative abundance were also observed during the second year of the study (70.8 Ϯ 6.2 versus 51.9 Ϯ 6.2%). Tiller density (Fig. 2B ) was affected by date (Table 1) , with a maximum observed in August (44.8 Ϯ 3.9 tillers per m 2 across both years). Johnsongrass size changed with date (Table 1) with the tallest tillers observed in October, and the shortest in February and April (Fig. 3A) . In addition, johnsongrass stem diameter increased from the spring to the winter (Table 1 ; Fig. 3B ). During the early spring, dead leafless tillers remaining from the previous year as well as young green vegetative growth with an occasional emerging ßower were recorded (Fig. 4A) . Flowering peaked between April and late June, and a mixture of vegetative, ßowering, and mature tillers occurred between May and August (Fig. 4A) . Mature johnsongrass showed aging foliage and empty seed heads, but also green offshoots growing from nodal buds. During the fall, a majority of mature and senescing tillers were present; but vegetative and ßowering johnsongrass was observed in areas mowed in the spring or summer. During the winter, a majority of tillers were dead or senescing. In addition, young vegetative tillers had emerged in February with 0 Ð14 tillers per m 2 for an average of 1.8 tillers per m 2 (Fig. 4A ). VaseyÕs grass was the second most prevalent graminoid adjacent to rice Þelds (Fig. 2) . Although VaseyÕs grass relative abundance was not different among dates (Table 1) , trends (P Յ 0.1) for a lower abundance in February (15.1 Ϯ 6.0% across both years) and a greater abundance in late June (29.1 Ϯ 6.0% across both years) were observed. Differences in tiller densities between years and among dates were not detected (Table 1 ; Fig. 2B ). During the early spring, VaseyÕs grass bunches exhibited dead plant material from earlier growth, green material in a vegetative stage, and a small proportion of ßowering tillers (Fig.  4B) . Flowering peaked in the spring, and during the summer, plants showed a mixture of vegetative, ßow-ering, mature, and senescing tillers. The proportion of senescing tillers increased in the fall. In the winter, bunches of VaseyÕs grass were composed of dead and green vegetative tillers (Fig. 4B) . VaseyÕs grass tillers were the tallest in August, 1.9-and 1.5-fold taller than in April and December, respectively (Table 1; Fig.  3A ). Tiller stem diameter (Table 1) was larger in May than in October (1.2-fold, Fig. 3B ).
Ryegrass (Lolium spp.), brome (Bromus spp.), and canarygrass (Phalaris spp.) are annual grasses that did not occur in August, October, or December. Relative abundance for ryegrass showed trends (P Յ 0.1, Table 1 ) for being greater (2.5-fold) during the Þrst year ( Fig. 2A) . In addition, ryegrass relative abundance peaked in April ( Fig. 2A) . As shown by the year ϫ date interaction (Table 1) , changes in relative abundance between April and May, and between May and late June, occurred to a greater extent in 2007 (2.9-fold and 58.4-fold, respectively) than in 2008 (2.3-fold and 11.5-fold, respectively) ( Fig. 2A) . Ryegrass tillers occurred at greater densities in the early spring (April) than during the late winter (February) (Fig. 2B) . Ryegrass tiller size differed with date (Table 1) . Tillers measured Ϸ 70 cm during the spring (Fig. 3A) , and were the smallest in February (2.9-fold smaller than in April). Differences in ryegrass tiller stem diameter (Fig.  3B) were not detected (Table 1) . Brome and canarygrass relative abundances were affected by date (Table 1) , peaking in April and May ( Fig. 2A) .
Brome tillers occurred at greater densities in February and April than in May (Fig. 2B ). Canarygrass was not collected in February, and differences in tiller density from April to late June were not detected (Table 1) . Similarly to ryegrass, brome tillers were the shortest in February (Fig. 3A) . In addition, brome tillers collected in February showed a trend (P Յ 0.1, Table 1 ) for a smaller stem diameter (Fig.  3B) . Canarygrass tillers collected in April were shorter (Table 1) than those tillers sampled in May  (1.3-fold, Fig. 3A) ; however, stem diameter did not change (Table 1 ; Fig. 3B ). Ryegrass, brome, and canarygrass typically were ßowering or mature in early April, senescent or dead in May, and dead in late June (Fig. 4) . However, late brome growth appeared in the vegetative stage in May and June. In February, while young vegetative ryegrass and brome tillers were growing, canarygrass was not (Fig. 4) .
Angleton bluestem [Dichanthium aristatum (Poir.) C.E. Hubbard] and Caucasian bluestem [Bothriochloa bladhii (Retz.) S.T. Blake] are two perennial grasses that occurred sporadically on the study farms, but were sometimes abundant where present. Differences in Angleton bluestem relative abundance were detected (Table 1) , with relative abundance greater in the fall and winter than during the spring and summer ( Fig. 2A) . However, differences in tiller density (Fig.  2B) , size (Fig. 3A) , and stem diameter (Fig. 3B) were not detected (Table 1) . For Caucasian bluestem, differences in relative abundance ( Fig. 2A) , tiller density (Fig. 2B) , size (Fig. 3A) , and stem diameter (Fig. 3B) were not detected ( (Table 1) . When jungle rice tillers were present, differences in size (42.5 Ϯ 5.6 Ð 49.5 Ϯ 5.5 cm) were not detected, but there were trends (P Յ 0.1, Table 1 ) for a larger stem diameter in October compared with December (2.3 Ϯ 0.2 and 1.6 Ϯ 0.2 mm, respectively). Hairy crabgrass and jungle rice were vegetative early in the summer, ßowering in August, and senescing in October. Only decaying tillers were observed in December.
A nonidentiÞed perennial grass with no reproductive parts and nondistinctive vegetative material was collected in wet areas of noncrop habitats surrounding rice Þelds. The relative abundance and tiller density for this grass did not differ throughout the seasons (Table 1) , with a maximum of 4.0 Ϯ 1.8% (August 2007) and 9.9 Ϯ 2.7 tillers per m 2 (June 2007), respectively. Tiller size and stem diameter changed with date (Table 1) , with size increasing from spring to fall (31.3 Ϯ 5.5 cm in April to 79.0 Ϯ 7.8 cm in October) and stem diameter being larger in the spring (3.6 Ϯ 0.2 mm in April) than during the summer and fall (2.3 Ϯ 0.1 mm in June). In poorly drained areas, torpedo grass (Panicum repens L.) was also collected. Relative abundance and tiller density for torpedo grass were not different throughout the seasons (Table 1) , with a maximum of 1.5 Ϯ 0.6% (February 2009) and 3.6 Ϯ 1.2 tillers per m 2 (December 2008), respectively. Whereas differences in tiller stem diameter (1.5 Ϯ 0.2Ð1.9 Ϯ 0.1 mm) were not detected (Table 1) , there were trends (P Յ 0.1, Table 1 ) for shorter tillers in the spring than in the fall (34.0 Ϯ 8.2 cm in April versus 60.2 Ϯ 6.7 cm in October).
Longtom (Paspalum denticulatum Trin.) was collected sporadically with relative abundance and tiller density reaching 2.3 Ϯ 0.7% and 1.6 Ϯ 0.6 tillers per m 2 , respectively, in June 2007 (Table 1) . When longtom tillers were present, both their size (44.3 Ϯ 13.1Ð72.9 Ϯ 7.6 cm) and stem diameter (2.4 Ϯ 0.4 Ð 2.8 Ϯ 0.3 mm) did not differ among dates (Table 1) The percentage of E. loftini recovered from johnsongrass differed among dates (Fig. 5A, Table 2 ), increasing from April to August (2.2-fold) and decreasing during the fall and winter (2.3-fold). In addition, the univariate analysis (Table 2) suggested that the percentage of E. loftini recovered from johnsongrass was greater (1.5-fold) during the second year of the study than during the Þrst. During the winter, E. loftini infesting johnsongrass were observed near nodes or within 5 cm of the soil surface, where visibly live plant tissue was found inside stems. In addition, dead desiccated E. loftini larvae were observed in February and early April. The percentage of E. loftini recovered per percent of johnsongrass relative abundance (Fig. 5B ) changed with date (F ϭ 4.59; df ϭ 6, 56.3; P ϭ 0.001), following a pattern comparable to that of the percentage of recovered E. loftini. Throughout the seasons, the percentage of E. loftini recovered from VaseyÕs grass changed (Table 2) , with an increase (3.3-fold) from April to late June, followed by a decrease (2.2-fold) in August and an increase (3.2-fold) during the fall and winter (Fig. 5A ). The percentage of recovered E. loftini per percent of VaseyÕs grass relative abundance changed with date (F ϭ 7.70; df ϭ 6, 60; P Ͻ 0.001), peaking during the winter (Fig. 5B) . At this time of the year, pupae were observed in dry sections of the plants while larvae fed within green vegetative tillers close to soil level. Ryegrass and brome harbored E. loftini during the spring in 2007 and 2008 (Fig. 5A) , and one E. loftini larva was recovered from brome in February 2008. The percentage of E. loftini recovered from ryegrass in April was greater (6.1-fold) during the Þrst year of the study than during the second (Table 2) . A comparable trend (P Յ 0.1, Table 2) was observed for E. loftini recovered from brome (4.0-fold). E. loftini infestations in canarygrass were found only during the spring 2007 (Fig. 5A ), but differences in percentages of recovered E. loftini were not detected among dates (Table 2) . Angleton bluestem was infested with E. loftini all year (Fig. 5A) . However, differences in percentages of E. loftini recovered from this perennial grass were not detected among dates (Table 2) .
In total, 617 and 1,515 E. loftini immatures were recovered during the Þrst and second year of the study, respectively. Ninety-six point one and 98.0% of these immatures, for the Þrst and second year of the study, respectively, infested the six graminoids addressed in the previous paragraph. The remaining E. loftini immatures were recovered from 12 of the less abundant grasses and sedges (Table 3 ). E. loftini was not collected from torpedo grass, Bermuda grass, or bristlegrass.
D. saccharalis Infestations in Noncrop Plants. In total, 94 and 42 D. saccharalis immatures were recovered during the Þrst and second year of the study, respectively. These immatures were collected almost exclusively from johnsongrass and VaseyÕs grass, which harbored together 94 and 100% of the infestations for the Þrst and second year of the study, respectively. The remaining D. saccharalis larvae were collected from Angleton bluestem (four larvae), jungle rice (one larva), and browntop signalgrass (one larva). Differences in percentages of D. saccharalis recovered from johnsongrass and percentages of D. saccharalis recovered per percent of johnsongrass relative abundance (Fig. 5) were not detected between the 2 yr of the study (F ϭ 0.77; df ϭ 1, 9.5; P ϭ 0.403 and F ϭ 0.26; df ϭ 1, 16; P ϭ 0.618, respectively) and among dates (F ϭ 1.01; df ϭ 6, 10.3; P ϭ 0.467 and F ϭ 1.08; df ϭ 6, 16; P ϭ 0.417, respectively). In VaseyÕs grass, differences in percentages of recovered D. saccharalis and percentages of recovered D. saccharalis per percent plant relative abundance (Fig. 5) were not detected between years (F ϭ 0.93; df ϭ 1, 8.5; P ϭ 0.361 and F ϭ 0.48; df ϭ 1, 8.0; P ϭ 0.508, respectively) and among dates (F ϭ 1.02; df ϭ 6, 11.1; P ϭ 0.459 and F ϭ 0.67; df ϭ 6, 6.4; P ϭ 0.681, respectively). In addition, for johnsongrass and VaseyÕs grass, year ϫ date interactions were not detected for the percentages of recovered D. saccharalis (F ϭ 0.30; df ϭ 3, 10.3; P ϭ 0.825 and F ϭ 0.27; df ϭ 3, 11.3; P ϭ 0.843, respectively) and recovered D. saccharalis per percent plant relative abundance (F ϭ 0.01; df ϭ 3, 16; P ϭ 0.999 and F ϭ 1.13; df ϭ 3, 6.5; P ϭ 0.404, respectively).
Spring Stem Borer Infestations in Rice Fields. In early April, old rice stubble was present in all sampled fallow Þelds but one, which had been grazed by cattle. When present, rice stubble showed evidence of stem borer injury from the previous year, but did not host E. loftini immatures. However, one D. saccharalis pupa was recovered in April 2008 [i.e., 0.04 Ϯ 0.04 immatures per m 2 (mean Ϯ SE)]. Although dead rice stubble was the only rice material available in fallow Þelds during the Þrst year of the study (April 2007), young rice plants grew in April 2008. Young rice tillers, present at a density of 37.7 Ϯ 7.7 tillers per m 2 , measured 18.3 Ϯ 1.1 cm (mean Ϯ SE) and harbored 0.7 Ϯ 0.2 E. loftini immatures per m 2 (mean Ϯ SE). Among the 17 recovered E. loftini immatures, 64, 18, and 18% were small, medium, and large larvae, respectively. Weedy During both years of the study, stem borer injury or infestations in young rice plants were not observed in early April and late May. By late June 2007, newly planted rice Þelds on each of the three farms of the study were at panicle differentiation or boot stages. Stem borer injury, comprised of one bored tiller and one tiller with feeding signs in the leaf sheath [i.e., 0.04 Ϯ 0.03 injured tillers per m 2 (mean Ϯ SE)], was recorded in the older rice Þeld (boot stage) in June 2007. By late June 2008, young rice Þelds were at panicle differentiation, 70% boot and 30% heading, or 100% heading stages. Stem borer injury and infestations were observed in one Þeld (70% boot and 30% heading), with an average of 1.67 Ϯ 0.81 injured tillers per m 2 (mean Ϯ SE) and a total of three D. saccharalis larvae recovered from one quadrat [i.e., 0.11 Ϯ 0.11 immatures per m 2 (mean Ϯ SE)]. Adult Stem Borer Trapping. E. loftini moth trap catches (Fig. 6) were two-fold greater during the second year than during the Þrst year of the study (F ϭ 7.68; df ϭ 1, 7.9; P ϭ 0.025). Differences in trap catches among dates were also detected (F ϭ 5.60; df ϭ 6, 56.9; P Ͻ 0.001), with moth catches across both years lowest during the winter and greatest in October (Fig. 6) . However, there was a trend (P Յ 0.1) for a year ϫ date interaction (F ϭ 1.97; df ϭ 6, 56.9; P ϭ 0.086). For both years of the study, trap catches were comparable for fall and winter trapping. However, the greatest trap catches during the second year of the study were associated with greater catches between April and August with a peak in May, which was not observed during the Þrst year of the study (Fig. 6) . D. saccharalis traps did not function during December and February samplings of both years because the eclosion of virgin females used as lures did not occur. Thus, data on D. saccharalis ßight activity during the winter were not collected. D. saccharalis moth trap catches were variable but showed differences among dates (F ϭ 4.30; df ϭ 4, 38.1; P ϭ 0.006), with an increase (8.4-fold) from April to October (Fig. 6) . Differences in D. saccharalis moth trap catches between the 2 yr of the study were not detected (F ϭ 1.80; df ϭ 1, 4.3; P ϭ 0.247), and the year ϫ date interaction was not signiÞcant (F ϭ 1.26; df ϭ 4, 38.1; P ϭ 0.303).
Discussion
E. loftini Infestations in Noncrop Hosts. As early as in the 1920s (Van Zwaluwenburg 1926) , it was recognized that many large-stemmed grasses could host E. loftini. However, E. loftini noncrop hosts have only recently received consideration for pest management , Showler et al. 2011 . Our study provides the Þrst quantiÞcation of seasonal E. loftini infestations in plants other than Þeld crops. Under on-farm conditions of Texas Gulf Coast rice agroecosystems, infestations in noncrop grasses occurred early during the spring when young rice does not harbor E. loftini. E. loftini infestations in noncrop grasses subsequently built up during the rice growing season, and were as high as 4.8 immatures per m 2 in December, suggesting that weedy habitats surrounding rice Þelds are major overwintering areas. April sampling in fallow rice Þelds that had not been plowed showed that overwintering E. loftini larvae are not found in rice stubble. However, grassy weeds and volunteer rice growing in fallowed Þelds can serve as host during the spring. Pheromone trap data showed that, despite reduced numbers during the cold season, E. loftini moths ßy year-round in or near noncrop habitats. This is consistent with adult seasonal patterns reported by Beuzelin et al. (2010) and with observations of all developmental stages present at any time of the year in sugarcane Þelds of the Texas Lower Rio Grande Valley (Van Leerdam et al. 1986 , Meagher et al. 1994 . Rodriguez-del-Bosque et al. (1995) also showed that E. loftini adults continuously emerged during the winter and spring in northern Tamaulipas, Mexico. Thus, the relative role of various host plants in E. loftini population dynamics is a function of plant availability, attractiveness, and suitability throughout the year.
Assessment of the seasonal abundance and phenology of noncrop graminoids of Texas Gulf Coast rice agroecosystems, as well as associated E. loftini infestations, assisted in identifying primary noncrop hosts and their potential role in the pestÕs population dynamics. Johnsongrass, VaseyÕs grass, ryegrass, brome, Angleton bluestem, and hairy crabgrass were effective E. loftini hosts that allowed larval feeding and life cycle completion. Other grasses and sedges might also be suitable hosts. Graminoids observed in our study presented a wide range of plant height and stem diameter. Physical constraints associated with these plant size characteristics likely affect host suitability for stem borer larval development, with host suitability increasing with plant height and stem diameter (Beuzelin 2011 , Showler et al. 2011 . However, stem hardness and nutritional quality are other key factors impacting host plant suitability (Beuzelin 2011 , Showler et al. 2011 . Our study suggests that johnsongrass, which is abundant throughout the year, plays a substantial role in E. loftini population build-up during the rice growing season. The observed lack of live johnsongrass tissue during the winter, however, probably decreased host suitability and subsequently E. loftini survival during this season. In addition to low temperatures, desiccation is a primary abiotic stem borer mortality factor during the winter (Rodriguez-del-Bosque et al. 1995) . Therefore, we contend that E. loftini larvae establishing in johnsongrass during the fall will complete their life cycle during the winter despite increased mortality. However, it is unlikely that dead johnsongrass supports the development of young larvae from E. loftini moths emerging during the winter. For VaseyÕs grass, the high percentage of recovered E. loftini and percentage of recovered E. loftini per percent plant relative abundance in February indicate that this host becomes increasingly infested during the winter. VaseyÕs grass is less infested than johnsongrass at comparable phenological stages , Showler et al. 2011 but maintains numerous green vegetative tillers throughout the year. Thus, the substantial perennial availability of live plant tissue suitable for E. loftini development likely allows VaseyÕs grass to be a primary overwintering host. In areas with relatively less johnsongrass or VaseyÕs grass (e.g., transition between farm roads and Þeld margins), a more diverse mixture of graminoids was observed. Ryegrass and brome are E. loftini hosts in the spring, also playing a role in population build-up early during the rice growing season, even if only for a short window of time. Our study also indicated that canarygrass may play a comparable role in E. loftini population dynamics. Other annual and perennial grasses (i.e., crabgrass, Angleton bluestem) probably play a minimal role in E. loftini population dynamics although they may have more substantial roles if abundant in localized areas.
The current study is the Þrst to our knowledge to quantitatively describe graminoids in noncrop habitats (i.e., Þeld margins, roadsides, ditches) surrounding rice Þelds in the Texas Upper Gulf Coast area. These habitats were more variable than adjacent rice Þelds because they were not under intensive management, and plant species composition was not intentionally controlled by the producers. However, the three study farms exhibited comparable noncrop habitat compositions, regardless of management (mowing, burning, herbicide applications, absence of management) or localized soil and weather variations. Based on our observations, noncrop habitats sampled in our study appear to be representative of those habitats encountered throughout rice areas of the Texas Gulf Coast. The generalization of our results to other Gulf Coast agroecosystems, however, will require additional sampling in Texas and Louisiana.
D. saccharalis Infestations in Noncrop Hosts. Complementing earlier studies (Jones and Bradley 1924 , Bynum et al. 1938 , Bessin and Reagan 1990 , we provided the Þrst year-round quantiÞcation of D. saccharalis infestations in noncrop habitats. D. saccharalis was found mostly in johnsongrass and VaseyÕs grass, and infestations were low relative to E. loftini infestations. Low area-wide D. saccharalis populations in the study areas might explain the predominance of E. loftini. D. saccharalis might also rely less on noncrop hosts than E. loftini. Adult D. saccharalis trapping data from our study provide evidence of moth activity in the vicinity of noncrop sampling areas. In addition, D. saccharalis infestations in experimental rice plots located within 1.25 km of noncrop sampling transects in Jackson County represented Ͼ99% of stem borer infestations in JulyÐAugust 2007 (Beuzelin 2011) . In the Louisiana sugarcane agroecosystem, Bynum et al. (1938) and Ali et al. (1986) concluded that johnsongrass only played a minor role in D. saccharalis population build-up and overwintering. These observations suggest that noncrop hosts might contribute less to D. saccharalis populations than to E. loftini populations. Nevertheless, oviposition preference and immature performance studies would assist in quantifying the relative role of noncrop hosts in D. saccharalis population dynamics.
Pest Management Implications. Although weeds in rice Þelds such as Amazon sprangletop can increase stem borer infestations (Tindall 2004 , cultural management typically keeps weed populations low (Kendig et al. 2003) , which is why exclusively noncrop habitats surrounding rice Þelds were the focus of our study. Research in several agroecosystems showed that alternate hosts in noncrop habitats could contribute to increased pest populations. Examples of this relationship include increased stink bug, Euschistus conspersus Uhler, infestations in California tomato, Solanum lycopersicum L., Þelds (Pease and Zalom 2010) , and the build-up of the pyralid Mussidia nigrivenella Ragoon in Benin (Sé tamou et al. 2000) . Populations of the tarnished plant bug, Lygus lineolaris (Palisot de Beauvois), and twospotted spider mite, Tetranychus urticae Koch, feed on weedy hosts before moving into nearby cotton, Gossypium hirsutum L., Þelds (Fleischer and Gaylor 1987, Wilson 1995) . Our study showed that noncrop grasses are sources of E. loftini populations. Thus, noncrop habitat management tactics including mowing, applications of herbicides or insecticides, or the modiÞcation of weed species composition (Landis et al. 2000) could help improve rice integrated pest management (IPM). However, the value of this approach remains to be demonstrated. Relationships between noncrop host abundance, stem borer population levels, and associated crop yield losses have not been quantiÞed. In addition, noncrop habitats can be a source of biodiversity enhancing natural enemy abundance (Altieri and Letourneau 1982, Norris and Kogan 2005) . Although the red imported Þre ant (Solenopsis invicta Buren), spiders, and predaceous beetles suppress D. saccharalis injury to weedy Louisiana sugarcane Reagan 1985, Showler and Reagan 1991) , their interactions with stem borer populations in noncrop habitats have not been determined. E. loftini noncrop hosts might also represent refuges for parasitic wasps (Meagher et al. 1998 ) observed during sampling. Therefore, designing noncrop habitat management tactics for rice IPM will have to integrate the weed contribution to both pest and natural enemy populations (Landis et al. 2000, Norris and Kogan 2005) .
Concluding Remarks. Assuming that host-speciÞc sympatric stem borer strains do not occur (Pashley and Martin 1987 , Martel et al. 2003 , Vialatte et al. 2005 , our study showed that noncrop grasses have the potential to increase E. loftini pest populations. Thus, the manipulation of E. loftini noncrop sources may help decrease infestations in crop Þelds and slow the spread of this invasive species through Louisiana. Further research needs to be conducted to quantify the relative contribution of E. loftini oviposition preference, immature performance, movement, and natural enemy suppression to pest source-sink interactions in the agroecosystem. Subsequently, the efÞcacy and economic beneÞts of noncrop habitat management tactics, implemented at both Þeld and regional scales, will have to be assessed. Because E. loftini noncrop hosts can sustain D. saccharalis populations, management tactics targeting noncrop habitats could also decrease D. saccharalis pest populations. Together with previous research (Reay -Jones et al. 2008 , our study provides a foundation for a more comprehensive stem borer management strategy including crop and noncrop components of the agroecosystem.
